Abstract Previous studies have identified an association between depressive mood and marijuana use. We examined adolescent self-control as a predictor of membership in joint developmental trajectories of depressive mood and marijuana use from adolescence to young adulthood. Urban African Americans and Puerto Ricans (N = 838) were sampled when participants were on average 14, 19, 24, and 29 years old. Using growth mixture modeling, four joint trajectory groups of depressive mood and marijuana use were established: low marijuana use/low depressive mood, low marijuana use/intermediate depressive mood, high marijuana use/low depressive mood, and high marijuana use/high depressive mood. Weighted logistic regression analysis showed that self-control at age 14 distinguished the high marijuana use/high depressive mood group and the low marijuana use/low depressive mood group from each of the other groups. Findings show that the co-occurrence of high levels of marijuana use and depressive mood from adolescence into young adulthood is predicted by low levels of self-control in adolescence. On the other hand, high selfcontrol is associated with low marijuana use and low levels of depression over time. Thus, while deficits in self-control in adolescence constitute a significant risk for maladjustment over time, high self-control exerts a protective factor with regard to marijuana use and depressive mood into young adulthood.
Introduction
A relationship between marijuana use and depressive mood has been supported by cross-sectional (Degenhardt et al., 2001 (Degenhardt et al., , 2003 Chen et al., 2002) and longitudinal (Patton et al., 2002; Friedman et al., 2004; Pahl et al., 2010) research. For example, Marmorstein et al., (2010) found that substance dependence between the ages of 17-20 predicted an increase in the risk for depression between the ages of 20-24. Other research has found that earlier depression increases the risk of later marijuana use (Block et al., 1991; Way et al., 1994) . Thus, there appears to be a reciprocal relationship between depression and marijuana use (Libby et al., 2005) . For this reason, it is important to examine the co-occurrence of marijuana use and depressive mood over time.
One study which explored this co-occurrence of marijuana use and depressive mood in adolescence (Otten et al., 2010) found two distinct trajectories of marijuana use between ages 12 and 16. A trajectory of ''high use'' showed increasing marijuana use over time, while a trajectory of ''low use'' was characterized by no or minimal use of marijuana over time. Three distinct developmental trajectories of depressive mood were also identified: ''low,'' ''medium,'' and ''high.'' There were a total of six trajectory groups of co-occurring marijuana use and depressive mood, with the majority of participants (38.3 %) being classified as following a trajectory of low marijuana use and decreasing (intermediate) levels of depressive mood. Just below ten percent of the sample were classified as following trajectories of both high marijuana use and high levels of depressive mood during adolescence. This most adverse developmental pattern of substance use and psychological maladjustment merits particular attention in terms of identifying a common underlying factor.
A potential underlying risk factor for both depressive mood and marijuana use is low self-control. Self-control involves the ability of the individual to control impulses and to override one action tendency in order to attain another goal (Carver & Scheier, 2011) . Exerting self-control thus requires the individual to follow rules and inhibit immediate desires (Muraven & Baumeister, 2000) . Deficits in self-control may manifest in a range of problems, including irritable and depressive mood, substance use, and other problem behaviors (Tangney et al., 2004; Steinberg, 2005; Davey et al., 2008; Magar et al., 2008) . In accord with this broad range of related negative outcomes, Gottfredson & Hirschi (1990) have argued that low self-control is a multi-dimensional construct, including such elements as impulsivity, risk-seeking, and a volatile temper. Research has provided evidence for the multi-dimensionality of self-control (Arneklev et al., 1999) .
The link between low self-control and depressive mood (e.g., Tangney et al., 2004 ) might be due to the inability to regulate affect appropriately (Gramzow et al., 2000) , as well as to the social cost incurred by insufficient control in interpersonal situations (Sussman et al., 2003; Olson & Lunkenheimer, 2009 ). Low self-control is also a risk factor for substance use because it may impair rational decision making and thus facilitate engagement in health-risk behaviors (Magar et al., 2008) . In addition, those low in self-control may be rejected by conventional peers and associate with deviant peers who use drugs (Sussman et al., 2003; Malouf et al., 2012) . It is therefore important to examine self-control as a predictor of the co-occurrence of marijuana use and depressive mood over time.
Among adolescents low self-control measured at mean age 12 differentiated the highest-risk group (high marijuana use/high depressive mood) from all other joint trajectory groups combined (Otten et al., 2010) . However, this study did not reveal whether adolescents in this high-risk group differed from individual joint trajectory groups. Furthermore, the study did not examine whether adolescents who followed conjoint trajectories of no marijuana use and low depression (n = 20.2 %) differed in levels of self-control from other trajectory groups that represented intermediate levels of risk. In other words, while it showed that low self-control constitutes a risk factor for the cooccurrence of marijuana use and depressive mood, it is not clear whether high self-control is a protective factor promoting abstinence and mental health.
In addition, it is unknown whether self-control in early adolescence is of importance in predicting co-occurring marijuana use and depressive mood at later developmental stages. Given that self-regulatory processes continue to develop during the course of adolescence and emerging adulthood (Davey et al., 2008) , it is of interest to investigate whether individual differences in self-control measured in early adolescence predict the developmental course of marijuana use and depressive mood into adulthood. If this were the case, diagnosing and treating deficits in self-control early on would be of crucial importance.
The current study examined the role adolescent selfcontrol plays in the developmental course of marijuana use and depressive mood from adolescence into young adulthood. Our study had two goals: (1) to identify joint trajectory groups of marijuana use and depressive mood from adolescence (age 14.0 years) to young adulthood (age 29 years) among African Americans (AA) and Puerto Ricans (PR), and (2) to test whether low levels of selfcontrol measured at baseline would distinguish between different joint trajectory groups. We hypothesized that individuals in groups characterized by continuously high levels of marijuana use and depressive mood would differ significantly in levels of self-control from groups characterized by lower levels of marijuana use and/or depressive mood. We also wanted to test whether high self-control would exert a protective effect and distinguish a trajectory group of no or minimal marijuana use and low depressive mood from trajectory groups with intermediate levels of marijuana use and/or depressive mood over time.
Method

Sample and procedure
Data for the present study are from a four-wave longitudinal study of AA and PR participants. At time 1 (T1; 1990), all of the AA and PR students in grades 7-10 (N = 1332, mean age = 14, SD = 1.3) were recruited from 11 schools serving the East Harlem area of New York City. Participating adolescents were given follow-up interviews at mean ages 19 (T2, SD = 1.5), 24 (T3, SD = 1.3), and 29 (T4, Standard Deviation, SD = 1.7) years. At T4, 838 young adults participated in the survey. Of these 838 participants, 71 % provided data at all four time points, and the remaining 29 % provided data at three of the four time points.
At T4, 59 % (n = 498) of the participants were female, and 41 % (n = 340) were male. Fifty-five percent (n = 460) identified as AA, and 45 % (n = 378) as PR. Seventeen percent of the sample did not graduate from high school, 27 % of the participants reported that they had completed 12 th grade or obtained a GED, 34 % reported having attended technical school or some college, and 22 % of the participants had finished college or a postgraduate degree. The median annual personal gross income was $15,001-$22,500. For more information on the representativeness of the sample, please refer to Pahl et al., 2012. We used Chi square and t tests to analyze the attrition from T1 to T4 by comparing the 838 adults with data at T4 with those who did not participate at T4. The male attrition rate was significantly higher than the female rate (male: 45 %, female: 30 %, v 2 (1) = 29.2, p \ .001). In addition, the attrition rate among PR participants was higher than among the AA participants (PR: 41 %, AA: 34 %, v 2 (1) = 7.2, p \ .01). However, there were no mean differences in terms of self-control (t = -0.96, p [ .05), marijuana use (t = 0.47, p [ .05), or depressive mood (t = 0.31, p [ .05) at T1.
At T1, structured questionnaires were administered to the adolescents in their classrooms. At T2 and T3, the participants were interviewed in person, while, at T4, 37 % of the participants were interviewed in person, and the remainder were interviewed over the phone (22 %) or sent questionnaires in the mail (41 %). There were no statistically significant differences by mode of interview in the self-control, marijuana use, and depressive mood variables at T3; however, there were significant differences on marijuana use and depressive mood at T1, T2, and T4 among those who were interviewed in person, interviewed over the phone, and those who received mailed questionnaires. Participants who received mailed questionnaires were more likely to report both marijuana use and depressive mood than those who were interviewed in person or over the phone. The Institutional Review Boards of the Mount Sinai School of Medicine and the New York University School of Medicine approved the study's procedures for all data collections. A Certificate of Confidentiality was obtained from the National Institute on Drug Abuse of the National Institutes of Health. Written informed assent was obtained from all minors after the procedures were fully explained. Passive consent procedures were followed for parents of minors. For participants older than age 18, informed consent was obtained.
Measures
Respondents were asked about the frequency of their marijuana use at T1, T2, T3, and T4. Response options included ''never'' (0), ''a few times a year or less'' (1), ''about once a month'' (2), ''several times a month'' (3), and ''once a week or more'' (4) (see also Fergusson & Boden, 2008) . Depressive mood was assessed by taking the mean of two questions adapted from the Hopkins Symptoms Checklist (Derogatis, 1997) ; whether participants felt (a) unhappy, sad, or depressed and (b) hopeless about the future. The correlations between the two items were r = 0.44, r = 0.55, r = 0.56, and r = 0.60 at T1, T2, T3, and T4, respectively (p \ .001). Answer options included ''completely false'' (0), ''mostly false'' (1), ''mostly true'' (2), and ''completely true'' (3).
1 To reflect the multidimensionality of this construct (Arneklev et al., 1999; Grasmick et al., 1993) , the low self-control variable was adapted from three scales, (1) low emotional control (Brook et al., 1990 ; 2 items; sample item: ''You feel like losing your temper at people''), (2) risk-taking (Jessor et al., 1968 ; 3 items; sample item: ''You'll do almost anything on a dare''), and rule-breaking (Smith & Fogg, 1979 ; 3 items; sample item: ''When rules get in the way, you ignore them''). The stem for the items read: ''How well does each of the following describe you?'' The answer options included ''completely false'' (1), ''mostly false'' (2), ''mostly true'' (3), and ''completely true'' (4). The correlation between low emotional control and risk taking was r = 0.41 (p \ 0.001). The correlation between low emotional control and rule-breaking was r = 0.53 (p \ 0.001). Finally, the correlation between risk taking and rule-breaking was r = 0.52 (p \ 0.001). Cronbach's alpha for the 8-item scale was a = 0.78, indicating good internal consistency.
Control variables included: gender (0 = female; 1 = male), ethnicity (0 = AA; 1 = PR), grade average in the past year (1 = 64 or lower; 5 = 90-100), and parental occupation. Parental occupation was measured on a 4-point scale (1 = semi-skilled; 4 = professional). We used either father's or mother's occupation, whichever was higher.
Data analysis
We used growth mixture modeling to extract the joint trajectories of marijuana use and depressive mood (Muthén & Muthén, 2010) . These analyses controlled for gender and ethnicity. The dependent variables, marijuana use and depressive mood, were treated as censored normal variables. We used the Bayesian Information Criterion (BIC) and the entropy measure to determine the number of trajectory groups. Each participant was assigned to the trajectory group with the largest Bayesian posterior probability (BPP). According to Nagin (2005) , mean BPP values of .70 or greater indicate a good trajectory assignment. The observed trajectories for a group were the averages of marijuana use and depressive mood at each point in time for the participants assigned to the group (see Fig. 1) .
We compared the means of the low self-control measure for the different trajectory groups using ANOVA. Finally, we conducted logistic regression analyses to examine the associations between T1 self-control and the joint trajectories of marijuana use and depressive mood. The indicator variables of the joint trajectories of marijuana use and depressive mood were used as dependent variables weighted by the BPPs. This approach reduced bias and corrected for potential uncertainty in trajectory assignment (Brook et al., 2006) . The control variables were gender, ethnicity, grade average, and parental occupation.
Results
The means and SDs for marijuana use at each point in time were 0.2 (0.6), 0.8 (1.3), 0.9 (1.5), and 0.7 (1.4) for T1-T4, respectively. The mean and SD scores for depressive mood at T1-T4 were 1.6 (0.9), 1.4 (0.8), 1.2 (0.8), and 1.0 (0.8), respectively. The correlations of self-control at T1 with marijuana use at T1 (r = 0.21), at T2 (r = 0.22), at T3 (r = 0.18), and at T4 (r = 0.19) were statistically significant at the level of p \ 0.001. Similarly, T1 low selfcontrol and depressive mood were also significantly correlated at each time point (T1: r = 0.27, T2: r = 0.15, T3: r = 0.14, and T4: r = 0.13; p \ 0.01).
Extracting the joint trajectories of marijuana use and depressive mood Bayesian Information Criterion scores were 13,990, 13,902, 13,883, and 13,887 for the 2-group, 3-group, 4-group, and 5-group models respectively. Entropy measures were 0.71, 0.69, 0.68, and 0.67 for 2-group, 3-group, 4-group, and 5-group models respectively. A four-group model was selected, since the 4-group model had the smallest BIC while the entropy values were similar. The statistics for the selected 4-group model are shown in Table 1 . Figure 1 presents the observed trajectories and percentages of participants classified as belonging to the four trajectory groups based on the highest BPP.
The four joint trajectory groups were: (1) low marijuana use/low depressive mood (LL, 24 % prevalence; mean BPP = 0.80), (2) low marijuana use/intermediate depressive mood (LI, 47 % prevalence, mean BPP = 0.83), (3) high marijuana use/low depressive mood (HL, 13 % prevalence, mean BPP = 0.79), and (4) high marijuana use/high depressive mood (HH, 15 % prevalence, mean BPP = 0.84). As shown in Fig. 1 , the LL group reported no marijuana use and uniformly the lowest depressive mood over time. The LI group reported no marijuana use in early adolescence, minimal use at age 19, which decreased back to no use by age 29. They reported higher depressive mood in early adolescence which decreased linearly over time. The HL group started using marijuana in early adolescence and increased their use to high levels over time. They reported similarly low depressive mood as the LL group over time. Finally, the HH group followed the same developmental pattern as the HL group in terms of marijuana use, with increasing levels of use over time. They also reported the highest levels of depressive mood in early adolescence which continued into young adulthood.
Self-control and co-occurrence of marijuana use and depressive mood First, we compared the means of self-control among the four trajectory groups using ANOVA (F = 23.88, df = 3, p \ 0.0001; see Table 2 ). Pairwise comparisons using Tukey's Studentized Range test revealed that the HH group had the highest scores on low self-control, while the LL group reported the lowest levels of low self-control. Both the HH group and the LL group not only differed from one another, but also from the LI and the HL groups, at a statistically significant level (p \ 0.0001). The LI and HL groups did not differ in terms of low self-control. Table 3 shows adjusted odds ratios (AORs) and 95 % confidence intervals (CIs) when gender, ethnicity, grade average, and parental occupation were controlled in the logistic regression analyses predicting trajectory group memberships. Low levels of self-control increased the likelihood of being in the HH group, compared with the LL, the LI, and the HL groups. We also compared the LI and the HL groups to the LL group. Low levels of selfcontrol also increased the likelihood of being in the LI group versus in the LL group, and the likelihood of being in the HL group compared to the LL group. Self-control did not distinguish between the LI and HL groups when the control variables were included.
Discussion
The present study examined the role of adolescent selfcontrol in the developmental course of co-occurring marijuana use and depressive mood from adolescence to young adulthood in African American and Puerto Rican young adults. Our results extend existing research by mapping the trajectories of co-occurring marijuana use and depressive mood into young adulthood (until age 29). At a descriptive level, analyses showed that there were four joint trajectories of marijuana use and depressive mood. Consistent with previous research (Otten et al., 2010) , we identified a high-risk trajectory group of individuals who followed a trajectory of increasing marijuana use and who reported elevated levels of depressive mood between ages 14 and 29. A sizable minority (15 % of the sample) fell into this group.
At the other end of the risk spectrum, approximately a quarter of the sample (26 %) constituted a ''protected'' group who followed a trajectory of no marijuana use and low levels of depressive mood from adolescence to young adulthood. At intermediate levels of risk, the largest group consisted of individuals following a course of no or minimal marijuana use and intermediate levels of depressive mood (46 %), while another group was characterized by increasing marijuana use and low levels of depressive mood (16 %). Consistent with previous research, there HH high marijuana use/high depressive mood All differences were statistically significant at p \ 0.0001. Groups with shared subscripts do not differ at a statistically significant level were thus two overarching patterns of marijuana use (no/ minimal use and increasing use) and three trajectories of depressive mood (low, intermediate, and high). The trajectories of depressive mood in all four groups showed some degree of decline between the ages of 14 and 29. Compared to Otten et al. (2010) , our results revealed a larger high-risk group of individuals reporting increasing use and high depressive mood (15 vs. 8.2 %). This difference may be due to age differences in the samples, or to national and cultural differences. Otten et al., (2010) sample consisted of Dutch adolescents while our sample was an urban US-American sample that was followed into young adulthood.
Our findings indicated that membership in a joint trajectory group of high marijuana use and high depressive mood was predicted from poor self-control in adolescence. Specifically, individuals following high-risk joint trajectories of high/increasing marijuana use and high depressive mood through young adulthood reported the lowest levels of self-control in adolescence, compared to each of the other groups (low marijuana/intermediate depressive mood; increasing marijuana/low depressive mood; and low marijuana/low depressive mood). This finding suggests that early adolescent self-control distinguishes among different levels of risk.
Furthermore, our findings extend previous research by revealing that the most protected group (low marijuana/low depressive mood) not only reported the highest levels of self-control in adolescence, but also differed statistically from the two intermediate-level risk groups (low marijuana/intermediate depressive mood; high marijuana/low depressive mood).
Thus, adolescent self-control may not only play a role at its lower end, as a risk factor for the co-occurrence of high marijuana use and high levels of depressive mood over time, but also at its high end, as a protective factor. Along, these lines, Wills et al. (2008) previously demonstrated the protective effect of self-control by showing that high levels of self-control buffered risk factors for substance use.
Importantly, our findings also extend previous research by showing that the developmental course of co-occurring marijuana use and depressive mood is predicted from low levels of adolescent self-control not only during adolescence, but into young adulthood (mean age 29). This finding suggests that deficits in self-control in early adolescence may have far-reaching implications and impair functioning in young adults.
Differences in levels of self-control may be due to individual differences in maturation of self-regulatory capacities in early adolescence (Davey et al., 2008) . Thus, those lower on self-control in early adolescence may ''catch up'' at a later point. Our findings, which showed that the developmental trend in all groups was one of declining depressive symptoms, may support this notion. However, our findings also suggest that there may be stable differences in self-control between individuals, which may be reflected in the persistent group differences that we found in levels of both marijuana use and depressive mood from adolescence into young adulthood. Previous research confirms that there is some degree of stability in selfcontrol (e.g., Turner & Piquero, 2002) .
Deficits in self-control may lead to poor decision-making about participation in risk-behaviors, such as substance use during adolescence (Magar et al., 2008) . However, in our study, we found that adolescents' low scores on selfcontrol predicted longitudinal patterns of increasingly high marijuana use into young adulthood for approximately a third of the sample. Possibly, these frequent users of marijuana became dependent over time and therefore continued to increase their marijuana use into young adulthood.
Low self-control is also a predisposing factor for depressive mood (Tangney et al., 2004; Davey et al, 2008; Feng et al., 2009) . For example, a study by Pulkkinen et al. (2011) found that self-control measured in childhood (age 8) predicted psychological well-being in middle age (age 42). Deficits in self-control, on the other hand, may impair the ability to form and maintain social relationships and thus lead to depressive mood (Olson & Lunkenheimer, 2009) .
Deficits in self-control are also related to externalizing disorders (e.g., conduct disorder), which are associated with both depressive mood and substance use (e.g., Whitmore et al., 1997). Thus, externalizing disorders might act as a mediator of the relationship between self-control and joint trajectories of marijuana use and depressive mood. Future research should examine these associations.
The present study has several limitations. Our data are based on self-reports rather than official records (e.g., medical records). However, studies have shown that selfreport data on marijuana use yield valid results (e.g., Buchan et al., 2002; Zaldívar et al. 2009 ). Yet, our own finding that mailed questionnaires yielded greater selfreport of both marijuana use and depressive mood supports that notion that self-report data, at least in the presence of an interviewer, may be skewed towards underreporting of behaviors that are not legal or socially acceptable. Another limitation is that our sample did not represent the full range of ethnic diversity existing in the United States, but consisted solely of African American and Puerto Rican participants. Given the relative scarcity of developmental research on ethnic and racial minority groups in the United States, this study's contributions to our knowledge of developmental processes in young people of color outweigh its limitations in that regard.
Finally, our measure of depressive mood only consisted of two items. We chose to use these two items as they were the only ones that were measured at all four time points. In addition, we also conducted our trajectory analysis with standardized longer versions of the depressive mood scale which were available at two of the four time points. Our results were not appreciably different with these standardized scales. Furthermore, the correlations between the two-item scales and their longer versions were high. In light of these findings and for the sake of longitudinal consistency, we used the two-item version of the scale at all four time points.
Despite these limitations, the study extends the literature in important ways. First, unlike research that focuses on one point in time, we assess marijuana use and depressive mood over a span of 15 years, thus capturing several developmental periods including adolescence, emerging adulthood and young adulthood. A major contribution of the research is the finding that deficits in adolescent selfcontrol predict the co-occurrence of marijuana use and depressive mood into the late twenties. This research also suggests that high levels of self-control may be protective, because they predict continued abstinence from marijuana use and low levels of depressive mood over time.
In conclusion, results presented here may have important implications for prevention and treatment. From a preventive perspective, boosting self-control in children and adolescents may reduce the likelihood of co-occurring marijuana use and depressive mood in young adulthood. In terms of intervention, timely diagnoses of deficits in selfcontrol are of crucial importance in treating marijuana use and depressive mood.
Promising modalities for increasing self-control are informed by cognitive-behavioral therapy (CBT), which focuses on modifying both cognitions and behaviors (e.g., Wyman et al., 2010) . Research shows that CBT is effective in treating the development of low self-control, depression, and illicit drug use (Lochman & Pardini, 2008) Another approach involves teaching children and adolescents calming and relaxation techniques, including mindfulness, meditation, and breathing techniques as means of increasing emotional regulation and self-control (e.g., Flook et al., 2010; Lakes & Hoyt, 2004) . Overall, research seems to confirm that self-control is malleable and can be increased through interventions in children and adolescents (e.g., Diamond & Lee, 2011; Piquero et al., 2010) , which makes early diagnosis all the more important.
